a detrimental impact on adherence to factor replacement therapy and disease management, potentially affecting haemophilia-related health outcomes. 8, 9 Given these associations, and regardless of whether emotional distress is a cause or a consequence of disease and treatment issues, a promising strategy for improving haemophilia outcomes would therefore be the effective management of emotional distress experienced by patients. A thorough psychosocial assessment, including an appropriate anxiety and depression screening, is therefore warranted in haemophilia care, towards a more systemic approach and integrated care. 8, 10 Nevertheless, the screening of anxiety and depression in PWH has been either undifferentiated and overlapped or based on relatively unspecific evaluation of symptoms. This assessment often relies on general mental health dimensions assessed by quality of life questionnaires, 7 which might hinder accurate diagnosis. Therefore, the use of specific standardized measures validated for anxiety/depression screening would be an essential step towards a more precise evaluation of distress levels among PWH. Concurrently, it is also crucial to identify modifiable factors that are associated with anxiety and depression, in order to inform the development of tailored treatments targeting these key outcomes. In this scope, the effectiveness of psychological interventions is well established, 11, 12 with some reports suggesting the usefulness and cost-effectiveness of these interventions in the improvement of coping strategies and emotional well-being among PWH. 13, 14 This study aimed to investigate which potentially modifiable factors were associated with the presence of anxiety and depressive symptoms among adults with haemophilia. Ultimately, this contributes to uncover intervention targets that are amenable to change or to active management, and therefore suitable to inform the development of tailored psychological interventions for PWH.
| MATERIAL S AND ME THODS

| Design and participants
This study is part of a large cross-sectional observational study conducted among Portuguese PWH registered in the Portuguese Haemophilia Association (APH). According to the World Federation of Haemophilia, there is a reported prevalence of 703 PWH in Portugal (haemophilia A: 539; haemophilia B: 112; type unknown:52). 15 Of these, 500 PWH were reached by mail from
October 2016 to May 2017 to complete a survey concerning sociodemographic, clinical and psychosocial characteristics of PWH, which was returned by 146 participants (29.2% return rate). More detailed information concerning survey procedure and patient recruitment can be found elsewhere. 16 From the 106 adults returning the survey, 4 were excluded due to missing data on the anxiety or depression measures, leaving 102 participants in the final sample.
For the purposes of current study, wherein the focus is on emotional distress, data concerning the assessments of anxiety and depression were retained to be analysed as the main outcome.
Participants included in this study were males with haemophilia A or B of any severity and age over 18 years old. Ethical approval was obtained from the Ethical Committee at University of Minho and the Portuguese Data Protection Agency, and written informed consent was obtained from all the participants. The study is registered at clinicaltrials.gov (NCT02870114).
| Data collection
Data were collected using the Portuguese versions of the following questionnaires. The tools that had not yet been adapted to European
Portuguese (A36 Hemofilia-QoL and Haemophilia Activities List) underwent a complete translation-back translation process followed by pilot testing, conducted by our team for the purposes of this investigation.
Socio-Demographic and Clinical
Questionnaire: collects sociodemographic, clinical (eg bleeds and affected joints) and physical activity data. Participants were asked if they practiced some form of physical activity, either regularly or occasionally, and provided information on the frequency and types of activities.
Pain Questionnaire: Information regarding pain was evaluated with single-questions asking about the presence of pain in the previous year, if it lasted over 3 months or occurred more than once a week (yes/no format); and about pain duration (in months). Intensity was assessed through a 0-10 Numerical Rating Scale (NRS) (0 = no pain; 10 = worst imaginable pain) in six situations (eg bleeding episodes, using stairs, sitting or lying down). Interference score was based on the Brief Pain Inventory (BPI) interference subscale, 17 according to 7 dimensions rated on an 0-10 NRS (0 = no interference; 10 = completely interferes). An average total score is computed to reach intensity (α = 0.88) and interference (α = 0.91) global scores. The scores for each dimension range between 3 and 15, with higher values translating more threatening illness perceptions, and no global score is computed for the IPQ-R. Due to missing data in all subscales, missing data patterns were examined using the Little's MCAR test. 22 Using this statistical procedure, it was observed that all incomplete information (<3% of the entries in the dataset) were "missing completely at random" (MCAR; χ 2 (302) = 292.48, P = .642). As such, a Multiple Imputation (MI) method was used to calculate the missing data, based on the Expectation Maximization (EM) algorithm, which is considered an unbiased strategy to impute missing data information. Haemophilia Activities List (HAL) 25 : assesses patients' selfperceived functionality, namely the difficulty in performing activities due to haemophilia through 42 items (α = 0.98), with global score ranging from 0 (worst functional status) to 100 (best functional status). Finally, a set of predictive hierarchical multivariate logistic regression models were conducted to analyse the factors associated with the presence of anxiety and depression symptoms. The variables selected for inclusion in the models were those which better distinguished between either the anxiety or the depression groups in univariate analysis, both in terms of statistical significance (P ≤ .001)
PROMIS ® Depression and Anxiety short-forms
| Statistical analysis
and simultaneously showing at least a medium effect size (>0.30). 27 In addition, all the comparisons were adjusted for relevant sociodemographic and clinical variables: age, education, haemophilia severity and number of affected joints.
Considering the potential shared variance among the independent factors, and due to the small sample size, four different submodels were considered for each distinctive outcome-anxiety and depression. The first model focused on the role of professional status, the second centred on physical activity practice, the third model explored the role of pain (intensity and interference) and, finally, the fourth model addressed illness perceptions (timeline cyclical, consequences and emotional representation related to haemophilia). Statistically significant results were considered for P < .05. Multicollinearity was analysed through the variance inflation factor value (VIF<2) and the tolerance coefficients (>0.60) for each variable. 28 
| RE SULTS
| Association of emotional distress with clinical and psychosocial outcomes
In the present sample, significant (PROMIS≥8) anxiety and depression symptoms were found on 37 (36.3%) and 28 (27.5%) participants, respectively. Figure 1 (A-F) illustrates the differences among participants with and without significant anxiety/depression symptoms on key haemophilia-related clinical and psychosocial outcomes. Table 1 shows that, for both anxiety and depression, participants who revealed significant clinical symptoms (PROMIS ≥ 8) were older than those without those symptoms (anxiety: P = .018, r = .260; depression: P = .04, r = .204) and were more often unemployed, retired or on medical leave (anxiety: P < .001, Φ = 0.411; depression:
| Characteristics and differences between groups of patients with and without anxiety and depression
Regarding physical activity, its practice was significantly associated with less symptoms of both anxiety (P = .038, Φ = 0.206) and depression (P = .001, Φ = 0.324). The groups did not differ significantly in any of the other socio-demographic measures. Table 1 reveals that those presenting either anxiety or depression were more likely to report bleeds (P = .019, Φ = 0.245; P = .006, Φ = 0.284; respectively) and urgent hospital visits due to haemophilia in the previous year (P = .005, Φ = 0.290; P = .012, Φ = 0.258; respectively), also indicating a higher number of affected joints (P < .001, r = .386; P < .001, r = .284; respectively). Pain was more often reported among participants presenting significant anxious (P = .004, Φ = 0.288) and depressive (P = .001, Φ = 0.317) symptoms (Table 1) , who also perceived it as more intense (anxiety: P < .001, r = .423; depression: P < .001, r = .476) and as having more interference in their lives (anxiety: P < .001, r = .472; depression: P < .001, r = .457). Table 1 also indicates that a perception of symptoms unpredictability ("timeline cyclical") was more prominent among PWH presenting anxious (P = .001, r = .351) and depressive (P < .001, r = .380) symptoms, who also had more negative haemophiliarelated consequences (anxiety: P < .001, r = .479; depression:
P < .001, r = .588) and more negative emotional representations of the disease (anxiety: P < .001, r = .370; depression: P < .001, r = .41).
Finally, both symptomatic groups reported worst levels of functionality (anxiety: P < .001, r = .443; depression: P < .001, r = .443) and quality of life (anxiety: P < .001, r = .503; depression: P < .001, r = .408).
| Factors associated with the presence of anxiety and depressive symptoms
The results of the multivariate hierarchical logistic regression analyses are presented on Table 2 . Model 1 shows that those being un- 
| D ISCUSS I ON
This study aimed to identify modifiable factors associated with anxiety and depression among PWH. The findings highlighted a considerable proportion of participants with significant symptoms, and the association of anxiety and depression with clinical and psychosocial outcomes. It was also revealed that professional status, physical activity, pain interference and perception of haemophiliarelated negative consequences were associated with increased symptomatology. This was, to the best of our knowledge, the first study with PWH specifically aiming to identify factors associated to anxiety and depression that can be targeted by psychological interventions. In addition, the use of standardized scales for anxiety and depression screening was also a distinguishable feature of this investigation. Most studies in haemophilia field report anxiety/depression levels based on mental health subscales of health-related quality of life questionnaires, [29] [30] [31] [32] on self-reports of presence of anxiety/depression, 9,33 or on unstandardized questions developed F I G U R E 1 Differences among participants with and without significant anxiety/depression symptoms on haemophilia-related outcomes for the purpose of specific studies. [34] [35] [36] The results of this investigation advance the knowledge on factors associated with anxiety and depression among PWH, drawing relevant conclusions to inform interventions aiming to promote well-being among these patients.
| Professional status
The impact of haemophilia on professional activity has been widely demonstrated, with PWH reporting higher rates of unemployment and occupational disability than healthy controls. 37, 38 In this study, the association between professional status and both anxiety and depression remained significant even after controlling for clinical TA B L E 1 (Continued)
| Physical activity
The beneficial effects of physical activity on physical indicators of PWH is well documented, namely in promoting better physical function and endurance, improving bone metabolism and joint range of motion, increasing muscle strength and factor activity. [39] [40] [41] [42] On the other hand, few studies have examined the impact of physical activity on psychosocial dimensions, albeit social and emotional benefits of physical activity are frequently suggested for PWH. 1, 43 This fact is supported by present results, since PWH practicing physical activity had lower depressive symptoms, in agreement with previous findings. 44 Therefore, exploring the effects of physical activity figures as a promising area of research in terms of promoting psychological health among PWH, similarly to what has been described in other chronic illness. 45, 46 Ultimately, the efficacy of specific interventions for promoting physical activity, such as cognitive-behavioural strategies, behavioural activation or motivation interviewing should be analysed, as well as its effects on psychological symptoms of PWH.
| Pain
Pain is a central issue in haemophilia care, either due to haemarthrosis or to chronic arthropathy, 47 which has been associated with higher emotional distress. 8, 33 Congruently in this study, participants with significant anxiety/depression symptoms were more likely to report higher pain frequency, with heightened intensity and interference. However, pain interference was the only dimension retaining significance in the regression models, being associated with anxiety and depression even after controlling for demographic and clinical variables. These findings highlight the relevance of implementing effective pain control strategies and reinforce the recent calls to action on the need to develop specific treatment guidelines for haemophilia pain management. 48 These also underline the important role of wellprepared multidisciplinary teams for haemophilia care, 1 skilled to deliver adequate and coordinated (non)pharmacological interventions for optimum pain management. Based on current results, it can be hypothesized that interventions aiming to decrease the perception of pain interference would be particularly helpful in reducing psychological distress symptoms. In this scope, psychological interventions are effective in fostering adaptive pain coping strategies, namely through specific cognitive techniques, such as cognitive restructuring, aiming to decrease pain intensity and perception of interference. 49 This corroborates previous findings among PWH, wherein the association between pain cognitions and emotional well-being is emphasized, namely the effect of pain reinterpreting techniques in pain management. 47, 50, 51 Other strategies, such as relaxation, hypnosis and imagery training have been related to improved pain reports and reduced analgesic intake in former studies conducted among PWH. 52, 53 Surprisingly, and despite their reported success, there is a scarcity of recent investigations focusing on psychological interventions for pain in PWH and, consequently, an important knowledge-gap on the potential effectiveness of such interventions.
| Illness perceptions
In face of a chronic illness, people develop individual representations of that disease, which have been shown to influence several healthrelated outcomes. 54, 55 The results from this study corroborate these findings, showing that patients with anxiety and depression had more threatening illness representations. This translates into a higher perception of symptoms unpredictability ("duration cyclical") and of negative consequences associated with the disease ("consequences"), as well as more negative feelings in face of haemophilia ("emotional representation"). In the multivariate analysis, a significant association was yielded between a negative perception of haemophiliarelated consequences and depressive symptomatology, above and beyond clinical factors. This finding shows that depressed patients are likely to perceive haemophilia as having a more negative impact on their lives than those without significant depressive symptoms.
In line with these findings, perception of consequences has indeed been consistently associated with psychological distress in a variety of diseases. 56, 57 In the haemophilia field, the relevance of patients' individual perceptions has also been emphasized, with the perceived impact of the disease having a strong effect on clinical and psychosocial outcomes. 58 These conclusions have relevant implications for haemophilia care planning, since it seems that promoting more adaptive illness perceptions may be an important strategy to prevent or decrease psychological distress. Namely, this could be achieved by diminishing the perception of negative impact of the disease, for example through psychoeducation, cognitive therapy or third-wave psychological interventions.
Despite the vast literature examining illness perceptions, studies in haemophilia field have only focused on their association with treatment adherence, namely on their influence in the adherence to clotting factor therapy. [59] [60] [61] Illness perceptions are therefore emerging as important variables to consider in haemophilia, with the results from this study reinforcing the need to expand the focus of research in this field.
| Limitations
This is a cross-sectional study and, therefore, temporal relations among findings, namely cause-effect associations, should not be established. Moreover, the classification of participants according to significant anxiety and depression symptoms was based on a self-report measure and not on formal clinical assessment of symptoms. Also, the sample size of the groups (with or without anxiety/ depression) is unbalanced, preventing from the use of more accurate statistical procedures. Future research with larger sample sizes and longitudinal assessment of outcomes would help in establishing more definite conclusions. Finally, it would be of interest to compare anxious/depressed patients in terms of objectively measured outcomes, such as a clinical/radiological assessment of joint status.
| CON CLUS ION
Socio-demographic (eg age, gender) and disease-related (eg severity) characteristics have been associated with increased psychological symptoms in chronic pain patients, thus emerging as potential risk factors for higher emotional distress. 62 However, the identification of these characteristics is of limited value for clinical intervention, due to their unchangeable nature. By identifying a specific set of modifiable variables that were associated with anxiety and depression, this study provided an evidence base for the development of preventive risk-targeted interventions aimed to foster emotional well-being, which might even contribute to the improvement of disease-related outcomes among PWH.
Although more research is needed to clearly identify specific risk factors for increased distress in PWH, it is clear that patients could substantially benefit from a complete multidisciplinary assessment, including an emotional distress screening that could identify specific needs and inform the development of appropriate treatment plans. 1, 8 Given the specific challenges of haemophilia across the lifespan, it is important to acknowledge them in adulthood and older age, and build on that knowledge to develop and test the effectiveness of specific psychological interventions. 63 In sum, this study sheds light on factors that could be targeted to promote well-being and adaptation among PWH. Psychological interventions are an effective strategy for this purpose, which effectiveness should be tested in the haemophilia field.
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